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Three anthocyanins and five flavonols in the flowers of Chimonanthus praecox var. 
praecox and C. praecox var. grandiflorus f. concolor were isolated. Anthocyanins were 
characterized as cyanidin 3-0-glucoside (chrysanthemin), acylated cyanidin 3-0- 
glucoside and cyanidin glycoside. Flavonols were identified as quercetin 3-0-rutinoside 
(rutin), quercetin 3-0-glucoside (isoquercitrin), kaempferol 3-0-rutinoside (nicotiflorin), 
quercetin 3-0-rutinoside-7-0-glucoside and quercetin itself, by comparisons of PC and 
HPLC data with authentic specimens, NMR and UV spectra, and characterization of the 
complete and partial acid hydrolysates. Though the major flavonoid of the species was 
named “meratin” and regarded as quercetin 3-0-diglucoside, this has been revealed to be 
quercetin 3-0-a-L-rhamnopyranosyl-(l- > 6)-P-D-glucopyranoside, namely “rutin” based 
on 'H- and 13 C-NMR spectra. 
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Introduction 

The genus Chimonanthus includes only 
two species, C. praecox (L.) Link and C. 
nitens D.Oliver, and is endemic to China. Of 
those species, the former is cultivated in 
Japan for ornament use, since the yellow 
flowers, inner perianth of which is dark red, 
bloom in winter until early spring. A 
flavonol glycoside isolated from the flowers 
of C. praecox as the major yellow pigment 
was named “meratin” (Hayashi and Ouchi 
1946), and regarded as quercetin 3-0- 
diglucoside (Hayashi and Ouchi 1947). 
However, the red pigments of the inner 
perianth have not been isolated. 

In this paper, the isolation and identifica¬ 
tion of the flower pigments in C. praecox 


var. praecox and var. grandiflorus f. 
concolor are described. 

Materials and Methods 

Plant materials 

The flowers of Chimonanthus praecox 
(L.) Link. var. praecox were collected in 
Omichi Garden, the Imperial Palace, Tokyo 
(TNS 697502 and 697503), and those of C. 
praecox var. grandiflorus (Lindl.) Makino f. 
concolor Makino in Shibata City, Niigata 
Pref. (TNS 697504). Voucher specimens 
were deposited in the National Science 
Museum, Tokyo (TNS). 

Isolation of anthocyanins 

Fresh dark red inner perianths of C. prae¬ 
cox var. praecox and yellow perianths of C. 
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praecox var. grandiflorus f. concolor (ca. 2.5 
g, each) were extracted with 0.1% HC1 in 
MeOH, respectively. The concentrated ex¬ 
tracts were applied to preparative paper chro¬ 
matography (PPC) with solvent systems: 
BAW (n-BuOH/HO Ac/H 2 O = 4:1:5, upper 
phase) and 15% HO Ac. The isolated antho- 
cyanins A1 and A2 were purified by 
Sephadex LH-20 column chromatography 
(solvent system: 70% MeOH + 1 drop HC1). 

Isolation of flavonols 

The fresh perianths of C. praecox var. 
praecox (2.8 g) and C. praecox var. 
grandiflorus f. concolor (1.7 g) were ex¬ 
tracted with MeOH, respectively. After in¬ 
vestigation of the flavonoid composition by 
two-dimensional paper chromatography (2D- 
PC) and high performance liquid chromatog¬ 
raphy (HPLC), the extracts were combined 
and applied to PPC with BAW, 15% HO Ac 
and then BEW (n-BuOH/EtOH/H 2 0 = 4:1: 
2.2). Five components (F1-F5) isolated were 
purified by Sephadex LH-20 column chro¬ 
matography (solvent system: 70% MeOH). 
The major component FI was obtained as 
pale yellow powder (ca. 15 mg) from 
EtOAc/MeOH solution. 

HPLC 

HPLC separation was performed with 
JASCO HPLC systems according to 
Iwashina (1996) for anthocyanins (eluent: 
MeCN/H0Ac/H 3 P0 4 /H 2 0 = 6:8:3:83) and 
Iwashina et al. (1996) for flavonols (eluent: 
MeCN/H 2 0/H 3 P0 4 = 22:78:0.2). 

Acid hydrolysis 

Anthocyanins were hydrolyzed in 12% aq. 
HC1, directly heated, for 3 min., and flavonol 
glycosides in 12% aq.HCl, 100°C, for 30 
min. Partial acid hydrolysis of the flavonols 
was performed in 0.1% aq.HChMeOH (1:1), 
90°C, for 10-20 min. 

Identification of anthocyanins 

Anthocyanins were identified by direct PC 
(solvent systems: BAW, BuH (n-BuOH/HCl/ 
H 2 0 = 7:2:5) and 1% HC1) and HPLC com¬ 
parisons with authentic specimens, charac¬ 


terization of acid hydrolysates, and UV- 
visible spectral properties. 

PC, HPLC and UV-visible spectral data of 
isolated anthocyanins are as follows: 

Cyanidin 3-0-glucoside (chrysanthemin, Al). PC: 
Rf 0.16 (BAW), 0.28 (BuH), 0.06 (1%HC1). HPLC: re¬ 
tention time (Rt) 11.10 min. UV X max (nm): 0.1% 
HCl-MeOH 280, 529; +A1C1 3 313, 360, 560. E m fE ma 
= 25%. 

Acylated cyanidin 3-0-glucoside (A2). PC: Rf 0.11 
(BAW), 0.28 (BuH), 0.15 (1%HC1). HPLC: Rt 15.06 
min. UV X max (nm): 0.1%HCl-MeOH 281, 531; 
+AICI3 314, 358, 565. E^o/E^ = 24%. 

Identification of flavonols 

Flavonols were identified by direct PC 
(solvent systems: BAW, BEW, 15% HOAc, 
5% HOAc and Forestal (HOAc/HC 1/H 2 0 = 
30:3:10)) and HPLC comparisons with 
authentic specimens, UV spectra according 
to Mabry et al. (1970), and 'H- and ,3 C-NMR 
spectra according to Iwashina and Kitaj ima 
(2000), and characterization of complete and 
partial acid hydrolysates. The PC, HPLC, 
UV spectral data, and 'H- and 13 C-NMR 
spectral data of isolated flavonols are as 
follows: 

Quercetin 3-0-rutinoside (rutin = meratin, FI). PC: 
Rf 0.37 (BAW), 0.57 (BEW), 0.49 (15%HOAc), 0.34 
(5%HOAc); UV - dark purple, UV/NH 3 - bright yel¬ 
low. HPLC: Rt 5.06 min. UV Amax (nm): MeOH 257, 
266sh, 296sh, 357; +NaOMe 273, 327, 412 (inc.); 
+AICI 3 274, 431; +A1C1 3 /HC1 269, 299, 364, 400; 
+NaOAc 273, 326, 395; +Na0Ac/H 3 B0 3 262, 297, 
379. ‘H-NMR (500MHz, pyridine-^): 6 13.10 (1H, 
5 , 5-OH), 8.37 (1H, d, J = 1.8Hz, H-2'), 8.13 (1H, dd, 
J = 2.1 & 10.4Hz, H-60, 7.36 (1H, d, J = 8.6Hz, H- 
50, 6.69 (1H, d, J = 1.6Hz, H-6), 6.64 (1H, d, J = 
1.5Hz, H-8), 6.01 (1H, d, J = 7.0Hz, glucosyl 
anomeric), 5.36 (1H, s, rhamnosyl anomeric), 1.53 
(3H, d, J = 5.2Hz, rhamnosyl Me). 13 C-NMR (125 
MHz, pyridine-ds): 6 (quercetin) 157.7 (C-2), 135.5 
(C-3), 178.7 (C-4), 162.7 (C-5), 99.8 (C-6), 165.9 (C- 
7), 94.6 (C-8), 158.2 (C-9), 105.2 (C-10), 123.9 (C-L), 
117.9 (C-20, 146.8 (C-30, 150.7 (C-40, 116.3 (C-59, 
122.4 (C-60; (glucose) 104.9 (C-l), 76.1 (C-2), 78.7 
(C-3), 71.3 (C-4), 77.5 (C-5), 68.5 (C-6); (rhamnose) 
102.6 (C-l), 72.2 (C-2), 72.6 (C-3), 74.0 (C-4), 69.6 
(C-5), 18.5 (C-6). 

Quercetin 3-0-glucoside (isoquercitrin, F2). PC: Rf 
0.57 (BAW), 0.73 (BEW), 0.37 (15%HOAc), 0.19 (5% 
HOAc); UV - dark purple, UV/NH 3 - bright yellow. 
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HPLC: Rt 6.57 min. UV Xmax (nm): MeOH 257, 
265sh, 295sh, 359; +NaOMe 274, 330, 412 (inc.); 
+AICI 3 275, 433; +AICI 3 /HCI 269, 300, 361, 396; 
+NaOAc 273, 324, 393; +Na0Ac/H 3 B0 3 261, 297sh, 
379. 

Kaempferol 3-O-rutinoside (nicotiflorin, F3). PC: Rf 
0.53 (BAW), 0.70 (BEW), 0.52 (15%HOAc), 0.37 (5% 
HO Ac); UV - dark purple, UV/NH 3 - dark greenish 
yellow. HPLC: Rt 7.71 min. UV Xmax (nm): MeOH 
266, 297sh, 350; +NaOMe 276, 324, 399 (inc.); 
+AICI 3 274, 304, 354, 395; +A1C1 3 /HC1 275, 302, 349, 
392; +NaOAc 274, 313, 392; +Na0Ac/H 3 B0 3 267, 
296sh, 354. 

Quercetin 3-0-rutinoside-7-(9-glucoside (F4). PC: 
Rf 0.07 (BAW), 0.25 (BEW), 0.61 (15%HOAc), 0.53 
(5% HO Ac); UV - dark purple, UV/NH 3 - yellow. 
HPLC: Rt 2.21 min. UV Xmax (nm): MeOH 257, 
267sh, 359; +NaOMe 276, 423 (inc.); +A1C1 3 275, 437; 
+A1C1 3 /HC1 269, 296sh, 365, 399; +NaOAc 263, 
370sh, 412; +Na0Ac/H 3 B0 3 261, 381. 

Quercetin (F5). PC: Rf 0.68 (BAW), 0.77 (BEW), 
0.01 (15%HOAc), 0.38 (Forestal); UV and UV/NH 3 - 
yellow. UV Xmax (nm): MeOH 256, 372; +NaOMe 
decomposition; +A1C1 3 271, 454; +A1C1 3 /HC1 265, 
301sh, 360, 429; +NaOAc 274, 321, 394; +NaOAc/ 
H 3 B0 3 260, 388. 

Results and Discussion 

HPLC and 2D-PC patterns of MeOH and 
0.1% HC1 in MeOH extracts which were ob¬ 
tained from the flowers of Chimonanthus 
praecox var. praecox and var. grandiflous f. 
concolor are shown in Figs. 1 and 2. Though 
the flavonoid compositions of the two taxa 
are the same, anthocyanin spots or peaks 
which derived from inner dark red perianth, 
appeared only on the chromatogram of C. 
praecox var. praecox , but not on that of C. 
praecox var. grandiflorus f. concolor. 

The two anthocyanins A1 and A2 pro¬ 
duced cyanidin and glucose, which were 
identified by direct PC comparisons with 
authentic samples, by acid hydrolysis. UV- 
visible spectral properties, especially batho- 
chromic shift of Band I by the addition of 
A1CL, and E 44 o/E max values showed that glu¬ 
cose is attached to 3-position of cyanidin. Of 
their cyanidin 3-0-glucosides, A1 was 
proved to be cyanidin 3-0-monoglucoside 
(chrysanthemin, Fig. 3) by direct PC and 


■ 16 % f|3-^ 

HPLC comparison with authentic specimen. 
Anthocyanin A2 is more hydrophobic than 
chrysanthemin, since the peak of A2 appears 
at later retention time than that of A1 by 
HPLC (Fig. 1). Thus, it was presumed to be 
acylated cyanidin 3-0-monoglucoside such 
as cyanidin 3-0-galloylglucoside (Ji et al. 
1992). However, further characterization of 
the compound could not be performed due to 
the shortage of the flower materials. 

The minor anthocyanin A3 appeared on 
the HPLC chromatogram of C. praecox var. 
praecox. Though the compound could not be 
isolated, it is also cyanidin glycoside, since 
acid hydrolysis of the crude extract liberated 
only cyanidin. 

Five flavonoids except three anthocyanins 
appeared on the chromatograms (Figs. 1 and 
2), and were isolated as powder or pure solu¬ 
tion. The major flavonoid FI was obtained 
as pale yellow powder (yield, ca. 15 mg, ca. 
3% of fresh flower weight). UV spectra of 
FI showed the presence of free 5-, 7-, 3'- 
and 4'-hydroxyl and a substituted 3-hydroxyl 
groups (Mabry et al. 1970). Quercetin, glu¬ 
cose and rhamnose, which were character¬ 
ized by PC comparisons with authentic 
specimens, were liberated by acid hydroly¬ 
sis. Thus, FI was regarded as quercetin 3-0- 
rhamnosy lglucoside. 

The flavonoid in the flowers of Chi¬ 
monanthus praecox has been reported by 
Hayashi and Ouchi (1946, 1947). Only one 
flavonoid was isolated as crystals and named 
“meratin”. The compound was regarded as 
quercetin 3-0-diglucoside by permethylation 
and then hydrolysis. The authentic sample of 
“meratin” is retained by one of authors (T. 
Iwashina). We now completely proved the 
sugar-sugar linkage of “meratin” by l H- and 
13 C-NMR spectra. The ‘H-NMR spectrum of 
“meratin” showed the presence of five aro¬ 
matic (H-6, H-8, H-2', H-5' and H-6'), a 
glucosyl anomeric (5 6.01, d, J = 7.0Hz), a 
rhamnosyl anomeric (5 5.36, s) and a 
rhamnosyl Me (8 1.53, d, J= 5.2Hz) protons. 
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Fig. 1. HPLC pattern of MeOH and 0.1% HC1 in MeOH extracts from the flowers of Chimonanthus 
praecox var. praecox and var. grandiflorus f. concolor. A: MeOH extracts from C. praecox var. 
praecox. B: MeOH extracts from C. praecox var. grandiflorus f. concolor. C: 0.1% HCl-MeOH 
extracts from C. praecox var. praecox. D: 0.1% HCl-MeOH extracts from C. praecox var. 
grandiflorus f. concolor. Eluents: A and B = MeCN/HzO/HsPCh (22:78:0.2), C and D = 
MeCN/H0Ac/H 3 P0 4 /H 2 0 (6:8:3:83). Row-rate: l.Oml/min. Injection: lOpl. Detection: A and 
B = 350 nm, C and D = 520 nm. A1 = cyanidin 3-O-glucoside, A2 = acylated cyanidin 3- 
O- glucoside, A3 = cyanidin glycoside, FI = quercetin 3-O-rutinoside, F2 = quercetin 3-O- 
glucoside and F3 = kaempferol 3-O-rutinoside. Other peaks are aromatic acids such as caffeoyl 
esters. 


In the l3 C-NMR spectrum, glucosyl C-6 (5 
68.5) appears in lower field as the case of 
kaempferol 3-O-gentiobioside (Iwashina et 
al. 2000) and quercetin 3-O-robinobioside 
(Iwashina, unpublished data), showing that 
rhamnose is attached to 6-position of glu¬ 
cose. 

Quercetin, glucose and rhamnose were lib¬ 
erated by acid hydrolysis of “meratin”. Since 
the presence of free 5-, 7-, 3'- and 4"-hydro¬ 
xyl groups was indicated by UV spectral 
data, sugars were considered to be attached 
to 3-position of quercetin. 


Thus, “meratin” was completely identified 
as quercetin 3-0-oc-L-rhamnopyranosyl-(l—► 
6)-(3-D-glucopyranoside, namely “rutin” 
(Fig. 4). Moreover, “meratin” was also re¬ 
garded as the same with flavonoid FI, which 
was isolated in this experiment, by direct PC 
and HPLC comparisons. 

It was shown by UV spectral data that 
flavonoid F2 is also quercetin 3-O-glycoside. 
Quercetin and glucose were liberated by acid 
hydrolysis. Finally, F2 was identified as 
quercetin 3-O-glucoside (isoquercitrin, Fig. 
4) by direct PC and HPLC comparisons with 









170 







C. praecox var. praecox q praecox var. grandiflorus f. concolor. 

Fig. 2. 2D-PC pattern of MeOH extracts from the flowers of Chimonanthus praecox var. 
praecox and C. praecox var. grandiflorus f. concolor. A1 = cyanidin 3-O-glucoside, 
A2 = acylated cyanidin 3-0- glucoside, FI = quercetin 3-O-rutinoside, F2 = quercetin 3- 
O- glucoside, F3 = kaempferol 3-O-rutinoside, F4 = quercetin 3-0-rutinoside-7-0- 
glucoside and F5 = quercetin. 



Fig. 3. Chemical structure of cyanidin 3-O-glucoside 
(chrysanthemin, Al). 

authentic sample. 

Acid hydrolysis of flavonoid F3 produced 
kaempferol, glucose and rhamnose. Since 
UV spectra of F3 showed the presence of 
free 5-, 7- and 4"-hydroxyl, and a substituted 
3-hydroxyl groups, glucose and rhamnose 
were considered to be attached to 3-position 
of kaempferol. The retention times and Rfs 
of F3 agreed with those of authentic 
nicotiflorin. Thus, flavonoid F3 was identi¬ 
fied as kaempferol 3-O-rutinoside (Fig. 4). 

Minor flavonoid F4 liberated quercetin, 
glucose and rhamnose by complete acid hy- 



Ri = OH, R 2 = rutinosyl, R 3 = H: quercetin 3-O- 
rutinoside (FI, rutin = meratin) 

Ri = OH, R 2 = glucosyl, R 3 = H: quercetin 3-O- 
glucoside (F2, isoquercitrin) 

Ri = R 3 = H, R 2 = rutinosyl: kaempferol 3-O- 
rutinoside (F3, nicotiflorin) 

Ri = OH, R 2 = rutinosyl, R 3 = glucosyl: quercetin 
3-0-rutinoside-7-0-glucoside (F4) 

Ri = OH, R 2 = R 3 = H: quercetin (F5) 

Fig. 4. Chemical structures of flavonols obtained 
from the flowers of Chimonanthus praecox. 


drolysis. UV spectra of the original glyco¬ 
side showed the presence of free 5-, 3"- and 
4"-hydroxyl and substituted 3- and 7- 
hydroxyl groups. Quercetin 3-0-glucoside, 
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quercetin 3-O-rutinoside and quercetin 3,7- 
di-O-glucoside, which were characterized by 
HPLC comparisons with authentic samples, 
were produced as intermediates by mild acid 
hydrolysis. 

From the results described above, 
flavonoid F4 is considered to be quercetin 3- 
O-rutinoside-7-O-glucoside (Fig. 4). 

Extremely minor flavonoid F5 appeared 
as a yellow spot on the chromatogram under 
both UV and UV/NFh, showing that the 
compound is a flavonol with free 3-hydroxyl 
group. UV spectra of F5 showed the pres¬ 
ence of free 3-, 5-, 7-, 3'- and 4'-hydroxyl 
groups. 

Finally, flavonoid F5 was identified as 
quercetin itself by direct PC comparison with 
authentic specimen. 

As described above, the presence of three 
anthocyanins and five flavonols was recog¬ 
nized in the flowers of Chimonanthus prae¬ 
cox. Though only one flavonoid “meratin” 
has been isolated from the flowers of the 
species and characterized as quercetin 3-0- 
diglucoside (Hayashi and Ouchi 1946, 
1947), our experiment revealed that it is 
quercetin 3-O-rutinoside, namely rutin. 
Other flavonoids of C. praecox, i.e., 
quercetin 3-O-glucoside, quercetin 3-0- 
rutinoside-7-O-glucoside, kaempferol 3-0- 
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rutinoside and quercetin itself were reported 
for the first time. 

Anthocyanins occurring in the inner dark 
red perianth were isolated from C. praecox 
var. praecox , but not from C. praecox var. 
grandiflorus f. concolor (Fig. ID). 
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